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ABSTRACT
INTRODUCTION

The pymxhcmical muluplicily counlcr dmignd and

built al k Alarnos hss been undergoing tcsu and evalua-

tion aI Lawrence Livcrnnxc Nmional Mxwauxy (LLNL).

Mcasurcmcnts have h pcrfcmncd using a vtiy of plu-
lonium oxide and mcml mauxials. The pyrtxhemical mul-

tiplicity coumcr uses ihc infonnmion conlaincd in lhc
higher momcrms of k ncul,ron multiplicity distribution

10 dc.ducc the Wrw unknowns in the assay problem:
‘%s-cffoctivc mass, (a,n) ncuumn rmc, and self.mulli.
plication, This is an improvcmcnl over conventional ncu-

lron coirrcidcncc counting, which musI rely on some

cslimalc of IhC (m,n) neutron ralc or .Sclf-multiplication 10
dcducc an assay rc!!ulL Such cm’rvcnlionrtl tcthniqucs arc
gcncrall y un.wt~sfackmy for impure malcrials for which

lluxc quuntitic!! arc unknown.

Wc prcscm tic nssiry rcsuILs ohmincd witi the pyro-

chcmi~nl mul[q~licily counh!r und discuss k p-owdurrw
ncccswy 10 produce good m~suyrcsulls. [ Jsin# lhc,w pn]-
I.-cilllrcx, wc hav~ o~in~~l LS,IWy ~~ur~i~s of I %,. z% f’(~

mir.lc rnirlcrids In In hour mcmumnm limes. Wc MIMI

tWlll~lI:C Ihcsc mSUIL$ U) lh(w lhIIl Wl)llhi huvt hCCll

tdwIIIIrxl usink txrswcnuorud nruuwn usury Icchnu-furs uml
dmcllss Ihr Corrclulllms wc Imw (~hscrvrd twlw~n 11.MiIy
rmrslls uml llw mlm of lolul nrulmm lxmms m drc dificrcn[
I m~s 1)11111:pyn~hcmlrd txmnkr,

The pyrochc.micd multiplicity cmsnux is a high-cffi-
cicncy, lhcrrnal ncumwr counlcr dcsignul and buil[ for in-

plam evaluation of fhc multiplicity assay uchniquc.1’2
Togctir wiih its associated electronics and soflwarc, it

can mamuc and analy7x thcrrnal rmut.rondimsin iI c(mvri I-

ti, lwoparamclcr coincidence wunli.ng mm.k or il cars
usc the highs m(mncnLsof the ncuuon mulhpliciiy disrri-

tmtion in a d-rru-panuncw analysis.

In Lhc conventional mode, the courrlcr syslcm uscs
rhc ncuunn coincidence rate, Ihc loud ncumxr raw, and
sampfc ph.mmium iraopics lo deduce an away, -k ram
arccmuxcd f[K titirnc cn(f ncutnm bdgmuml. Itin. n

mlio of (a,n) nculrons to spcmmncous fk%um ncurmms is
compulul from the s~mplc isotopics or some olhcr

krrowldgc 0( Ihc wmplc. Firudly, an away vsluc is cafcu-

Iiuc.d usin~ F.nwllngs mullildicalion correction cqw.lions3

ml culihnslion puramclcrs bmcd {m mr2wrcmcnls of pure
plu~mium nxik WmJarr!s.

In Lhc muhipliciiy mode, Ihc cmrnlc.r syslcm mcas-

urrx dIc dis[rihution of mul!qdicilms in IIIC come-idc.ncc
uml acci(ku~l ~IItcs. TIIC,W dis[rilm[i[ms arc corrcctd for

rltxhimc UNIIIK u mdmd dcvckqxxl by [)ydrwski.4 ‘IIIc
IIIINIICIILS of lIw mulli~dlc.11y dlslrihulltm nrc then cum -
pulrd usin[~ [hc rqrmli[ms of (“ifurclli and 1lsgc.5 Fuudly.

Ihcsr rmmwnis UK rtwn”c[rd [or hack~nnsnd. alti IUI awuy
Vkslur Is lx)nlltulc(l llslug Nt)dllscl’s pollll llu)dcl Cqllw

lI{MIS.f’ Iu IIIIS Uuylrm Ilw IIUI{I (J[ (U, II) nmrlrtms I(I sptm.

IAsnctllls[1ss1(111Ilrulr(ms Imd Ihc Slnlpk Sell Illllllqdllul.

11[)11 lur Id(’Ill:llrd lrtIIII Ihr mr:lsurcrncul dmu Ilscli.



%m)plc IW)mpics arc only uwd m dwiucc rlw ual phJro-

IIIUM aswy vJ1ue friml I.k mcasurrd 240Pu-’:ffcullvc
111:1ss,

~iilihralion ol Lhc dcr.wlor m Lhc mulupllcily mode

cmIsisL$ of mrxxiurmg ILS rllicicni-y for pure phrl.oniurn

oxik and mcawring rhc coirrcldcrrcc RiILCfractions using
2S2~f, ~iilifomium is used m mcaw.rrc Lhc Raw frdcr.kms

kcm.wc in hc pyrochcmical counrcr tic gate fr~uons arc
only VC.V WA funcliuns of neul.ron energy. However,

plutonium is used m dc.[ermine tic dctcctnr’s efiicicncy
l-wcau.sc cffr~lcncy varlcs more strongly with energy.

Anoihcr mason rhal plulmrium is uwd ls trccausc r.hc ph.r-

mnium WIII caplurc some ol rhe kion ncr.mons imd r.hus
chungc r.hc “cffrxmvc”’ rfficimrcy of himcmmtcr. For [tic

pyrochcmical mullqdlcity counter, which has bu?n

dcslgncd LOhc inscrrsihvc irr varxmmrs In ncum)il cncr-

gics, lhc hUICJrcwon IS lhc mo!sl lnlpO~nL

The pyrochcmicxrl mull.rphcily counlcr un(.lcrwcrn ILS
I“rrs[ rCS[ and c.valuauorr al the lJM Alarnos Pluummm

Proccsslng FiIcIllly in Ialc 1W I.7 I“wcnly plutonmrm-
bcaring aamplcs were measured. The multiplicity aw+ys

of oxide and mclal mmcrtils were sufxmror In ctmventi(rnal

Ways. “1111’ils.says01 hvc plulonllull OXKIC W’rlplcs agrcA”d
wIlh rclcrcnur virlucs [1)wIlhm l% ((ml’ sl~nla) for .WM)-s

mcirsurcmcnl hmc.s, I“lw assays l~f flvr plullmium rncud

.wmplcs ugrct’d wIrh rclcrcrwc vtilum 10 WIlhIII 5. I ‘%, I)ul

Ihcsc dssirys (hspluycd a r)c~:lllvc bus, wh I(.I1 uorrcltilcd
with Ihc sirmi~lc SCII rl]llllll~llt”tilltlll. Thr as%rys (}[ 10

nlt~llrll till cxL-ihlm Icsducs irgrr4.41 wilh rrl~mwtr vdlucs

10 w’illun 4 ,H(X ‘11]1’s4’r~’sl(hlrs wcrr nol cxpwlc(l h) iLwry

irs well IISIng [Ilr nlIdlipl IcIly Icl”hrllqur Irccimsc fll III(’
IIIKII ([x,n) m’ulr(III ~tml~rnmcrl[(II Ilwir K)ldl cIIIIllcd rww

Irtm rirlcs, 1AIII}:CI ~’lmlll Ilmcs :Ilc llC1’CSSilry II} lnlprovc
IIrc irl’(”lll;ll”yof Inl’.lllpllclly lr-slllls I(lr Slk’tl !&Illlpks.

Ill IW2.. 1111’~)yl[R’lll”nllL’:11 Hlullq)llL’lly Collnl(’1 W;l%

\CIII K) 1,1.NI . I(II Iulll)cr [(-S[S iIII(l Cviililiiiioll, Ilrrc, w~.

Icln)rl orl III(’ r(.sulls 01 iI\SIy rncnsurclllrlllh miII1l. (~1 W

Wllpll’s.

‘1 Iir s;ulll)lu~, rlw;lsulc(l lxmsl~lr(l 1)1 111):11 ;IIIII I(IW

1111111IqI. milnlrc ldIIIIIIIIUIn tIX.Itlcs M IIICI;IIS III(. IIWI:II
imtl~)l(’f Iunl N vw IVIY 01 ~,rllllwlrlri Wc \r}!Ir~Jl(Xl IIIC

111(’1II Wlqlll% 11110 I*II ~ll)ulls rml;ll S(’1 I 1 oll\l\lrll 1)1
1111)111’11!.:11[ Cnl’il(”lll)ll 1111’1;11pllmhll’1 Illllll)lli. UIIK”II U’(’lt’
Illllhl’11 1111(11111’((’\ 1!4”1(11(’ Ilrlll): lII;l(’HI Ill 1’:111’1101 111(’il\

111(’111(’111 hlrl; ll !i[’1 ? t’l Ml\l\l(”(l (11 l)ullllll\ ;111(11111’1;11(’;1,,1

Ill}:i 111;1[W(’lt’ 11{)1Iullhl”ll

Each .w.rnplc WAS m&rsurcd IWK-C foI Q(H) s, Each

900-s assav umslsw.1 rrf 30 x 30-s rncasurcmcnl muxval~,

and Cm’h Illicrvdl W&s SUhJCCICdU) o Sla[lsucal lcsl m

rcducc rxrom rhrc m high-muluphclly runlIc r~y cvcIIL\,

The average prrxismn duc b m.rnr.rng smisucs f~)r rhmc

mcasuremcnls was 0.5’%- 1%. In addmon, Lhc r.oral neu-

tron ralc in -h Gf tic pyrwchc.mlc~l c(umw.r’s four rings
of 3}lc tubs was mcaw.rrd (or .30s.

Assay resu]Ls wmc calcul;ucd for each .samplc using

rxmvcntimal, lwcqxwamctcr mafysIs and drc Ihrcz-fkmam
*r multiplicity anal ysw. For rhc nxIdc mal.crkrls anal yMUJ

using the lwo-paramcm amr’wis. lhc ram) of (a,n) ncw

trrm Lospmtanwus fkmm nm.rlrons wiL\ compurc41Ir-m

llrc sarnplc isoloplcs. For tic mcul ,saIIIplcs, [his ram)
was assumed 10 bc zero, Ctilihmlmn pardmcu!rs Ior Ihc

lwo-pardmclcr wmfy.scs wmc hascd on mcasurwmvms of

pure, high hum-up plumrrium ox idc swdartls.

The assay IUUILS were ihcn compared 11)rcfcrcncc
values, which were ohr.alrrcd usInK calorlnicky and

gamrmkrdy IwLqnc mcasumnmLs. Tlrc.w rrkrrncc viduw
arc Ihoughl 10 k umralc u) atmul I%.

ASSAY EIKStlI..TS

Tahlc 1 sunlmanzcs Ihc iL%%lyrcsulLsi’[lnlfurcd U) rci

crcncc va.ks hw lhc 1wo paramckr wI:IlysIs and [IN’ lhrcr.
pirrirrnclcr mulllplk”llv aN:ilvsls l;l~u[c I shows Ifws(

rcsulLs M ir Iunch(m of lhr ‘4( ’I’U-CllCd IVr nlws of lhc

wnq)lcs. “1’hcmullq)lll.lly us.snysurt- supcrll)r ovrridl u)

I.hc lXMWcrllllrilill Iwo par;lllll’ kr MSUys.

Ill Iiw Illlllllpllt’lly wi$ilv% 01 111(’ (Ixlllt’ !iiulqlk% 1111’
{’llrt’ls {d Illlltllllllc% wr n~~lililllill~lll. illl(l 1111’u;lllcr Ill 1111’

IIW;.Y 1(.~lill IS OIIIV SIINIIIIV I; II MI. I llIiIII IIIC url~cll:lnllws

Ill [Ill. frlr!l’11(’(. Y;llllrs 1111!sL’rlllllllll}: 1)1:’(I\l(!Il ‘1’11(’lc Is

sIIII II rwp:lllvi. lIId\ III rhc IchIIlls I(}r Ilw IIIM:II s:ulqdcs

IIIIW(’V(GI, [II(. lIIiI\ III llw IIIIQIJI rmullh IS WIUIII(’I I’IJII 1:11

IIu’ Iw’1) llill;llll(’11”1 ;l\wlv\. M(1 111(’1(’ l\ Ill) (11111’1rlil’1’Ill lk’



TAIILE 1. Comparmn of Two-t’amrnw, Cmwrmuonal Cmncirkncc Awvs WIdI I
Throc-Pariln

Sample Type

bw Burn-Up Mcurd

High BUM-UP Meud

Mcutl Sei 1 (Bmkcn)

Mcud SU 2 (lInbrokcn)

All Mcla] Silrrlpks

IJW Burn-Up Oxi(h

High Bum-Up Oxide

All Oxide samples

All Siuuplcs

~ Mul[iplicil
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silrnplcs
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Average Ruuhs fa
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Rck.rcncc)/Rcfcmncc (% )
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15.2 -9.7

1.fl -8.1

1.3
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15.11 .l.~
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2,s
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I)iw [or rhc. tm)kcn metal bu!u)ns conlpuu.i M tic mtual

swlq)lcs tit were lioi Fm3kcn.

I:rom Fig, 1 lhc ncgalivc hiiis m r.he iZSUIL\ ksppcars

u) cw-rclislc wilh sample mass. Flgurc 2 shows Ihal, m

parmular, lhc iway hlm is Urongly corrclaml wilh tic
“’mcasurd” Scl(-mulbplicmion yichlcd by the pmru model

cquaulms. This is consis[cn[ wilh Lhc trchisvior WC.

ob.served in tic carkr rnuluplwi[y mcasurcmcmLs rnadc
witi [his cmnlcr.’

SI:l.F-MU1.TIP1, ICA-lION DltPltNl)ENT l!lAS
AND CORRK(’TION

Wc hy~)thcsiz.cd (hat the multiplication dcpcmicnl

hiw wc ofwrvul in our Ihrw-panvnclcr awsav.WhUlLSm u

consu.fucnm- 01 ml madcquwy 0[ lhc plirrt model 10 xcu-
ralcly kwribc nculmm muluplitilion in Iargc ma.~s,rkrwe
.wmplcs. Slwc ikull y, [hc poml m[xfcl is kcd on the

u.ssumption WI the prohabili[y ()[ mllu~ing {Issmn Ior JI
nculr(m Slwllng al tiny pmnl in a sample f’zil k upproxl-

rnalcd by u crrnsl.isnl. ghhd average Iw(Jhahlllly. Wc

kdlcvc lhL\ a~sumpuon kwc.ks down [[K samphx In wtuch

wmrcc. nc.urnms havr a mean trrc palh lhal IS short.u than

or on lhc order O( LIICavcr~gr chtml Icnglh Ihrougtl M

Wllplc.

To ES[ dsis hypudrcsis, we mmkluf med and oxide

cylinders in l:~c pyrochcmlcid mulupl]cuy counwr using

the Momc Carlo cd, M(’NP.H We pcrfommd cdculti-
~i,,,s [or a grl~ (Fig. ~) of ~i!lL$ in each Cyhnkr and

obr.a.incd lhc calculamd Im.kage muluplicmmn. which
rr;sulls [mm slaning sponr,ancmuskm ncmrons al e.wh

poinl (m fhc grid. Wc Lhcn fit smooti curvc+i m Ihc.sc

multiplmalion wducs rrsohUlin a mul[iplicm.mn “xur[~c”
M shown in Fig. 4. Firudly, wc mwgraml W,c poml-

rnodcl cquatit;ns over the surface m ohmin the IOU]
momcnLs for W cyiimlcrs and usul Lhc.sclourl momcnL$
10 prwlicl an awy rc..ull. “+JC!’wind Lhi’.l [or mcr,al cyhn-
dc.rs, the multiplication prwlicmd ky tins proccdurc M
higher than k u-uc uvcragc lGQC mulupllcution, and

lhc m.say rc$$u!:is hmu.f low as a rcsull. As shc average

y = 1.(!25 - 0.18123x + 0.14200 x2R2= 0.823

/’A /’

. . 4 . . . . ., A-. .L . . . . 1 . . . . . . . . . . . .. J..... A

1() 12 1.4 1 .(; I .8 :?,0

Measured Self -MllltlpIlcatlon

\ IAL,’ Atttiv IVI,I$ II, II IUIII fIIIn III IvIrtJsurrtl mMIII/1111 tIIItm /Iu I/I r p,Ir,ImrItI

111U/ll\lil# II) ,Jtt,lv fr\u/I\ /r, IPI, lb,, ,IVI, I, hr,,ti, ,d muhI/dI, IIV , ,VIAW(I
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1
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0

1 lx 4 ( “ill,ui, ifvtl 11.,IAAIA,I,PrlUlll/)lli dli, ltl ti.i II

/uII, ltt,n ,J/ tt,urtr rhrufrttn 1111$1111111)I,f Id ,’ A,~
/llultmlum. rl~h! ( Iti ULII mt,ldl t vldcr

( 1101(11(’11)’11111111111)”,11III(’ 111(’1:11 Wllllpll” II I(”I(”;ISC3, Itw lwl~

Ilitr(.iiw,. I.IM Iln’ II XI(II. ( vllml(.I. Ilt)mx’vl.l, 111(. IIIIIIIIIIII(;I

Ill)li IIhl; llllr(l Ilv lllll’J’,l; lllll/: Itlr \llllilt r l\ ;11[111)s1Iihllll :11
11) III(” 1111(” ;l\’rl;l}:r Ir.lk+!(” Illllllllllli :111{111 ‘lllll\. 111(’

Iulllll I!llxl(”l (Xlllilllllll!! Vl(’1(1,111;1(( Illilll’ il!i’wy

“11)(’’.(’ll’\llll~h 1(’(1 ll\ Ill Ill:’ (“1)11(111’.11111111.1[;1 111111111)11

~;llll)ll d(”lh”ll(k”lll ( (II I(” LII(I II I(I [Ill’ Illlllllldl( II} :l\iil\\ 1~

II(’( (’h’,,lly Ill ,L1 II II” JI” }:(MI(I il,\sl\ 11’’.1111’. fill wllllllc’$ w 1111

1,1,)1.(. II! IIII)IIIIIIII IIl:l,!,.l .,. Ill I,. I (!11(”1 11011 l\ 111(’ II ILI(II; III1

111 \ll(l\$[l Ill 1’1)’ ,’ W(’ ,Ilyllll’li llll\ 1 1111(’( Ill Ill Ill 111(’

III ‘1’iIldc 11id stl(mm In Fig, 5. N(IW. [hc avcrayr IJUASIII

t.hl’ MM~ NSUIL\ IS 7.CIIJ. Wld Lhl’ RSUiL\ I(JI IIIL’Llh Arc

(In]) s]l~hdV lmm~r dltin [1)1 OXldL” .&AIIl~dL’S

RIN(; RATIOS

Tu ~hicvc high cfficwnry and ncumm cm-rgy In.srm.
sl(ivlly, W pyrmhcmixd mulhpllcl[y ctwnmr hm tour

rings or 3Hc [ubcs. The pui.sc suc.arn from catih rln~ M

hroughl mu of tic coumcr .scpamcly so I.IIiu rhc nrumm
riu.cs m each ring may hc counluf, The li]rrcr~]t)s[ ring,

Ring 1, is ihc mos[ Scnsliivc 10 low energy nculrons. lllr

uuwrrnosl ring, Ring 4, IS LIW n)os[ scnslllv!: u) hlghcr

cmrxgy rrculmns. Wc hvc t.xrncludrd trom talc ukmms and

cxpcncncc wllh Llustour ~.r Lhm Lhcrulr[) uf Vu. Kwd ncu
Iron mlcs in Ihcsc Iwo rings IS a Scnslllvc Imllltilt)r of

vanalions in llw mean cncr~y of lhc ncumms cmllltxl by u

.wmplc.v Thus, Ibis ram} can hc an mdlcar41r01 .samplc.10

.w~plc (Ii n~x~~,

I-@rr-r 6 shows [hi’ niul;i~)llralioll. ~(lmc4”icd, lhrrc

paramcLcr aswy rcsuiLs verse.s lhc rmo ol lhc mcas:md
mud ncuuwn rams m Lhc.sclwo rings. llrcrr vi a groupm~

d lhc mclid .sampks rc!ullvc u) Ihc oxdr .wmpks I.VIIII
only u very slI@l ovcrklp IXlwcrn llu’ grlmps. ‘1’111sSllg

~CSIS IIld[, on ilV1’rilgL’. U nwld .suIIII)lc con h (IISIIII

guIshcd Ir(ml tin nxdr SInlldc ily 11srq mm). 1:(11lhCMm

.XIIIIPICS, only [W() hil\’1”ring lil[l~Pi [Ilill WC ~“l(lSC Cllollgll

In v;dur u) nl,lkc %Inlldr iypc cl:lssillciul(m lm [ht. MIS

(~1 IIIIS lilll(~ lillCSllllllillilC,

“1’hl’r~ 1.$ illS(l Sl)nll’ ,tmcl:ullm hCIWt:~ll lhC ils.’il)’
rcsulls iIIId Ilw nng rirllos II IIN- mclirl sumpirs irnd k
Ilxl(lc .wnlpks ilrC ~(mkldmvi sq):lmlcly, II,l)wrvcr, 1111’

kllilVlilr (d dll$ l“l~rrl”kl[lorl IS no[ Wh;l[ (NIC “tVINlkl Pfdll’[

(m IIw Ixlsls (11 cnrrgv Collsl(lrr;ill(lll:i dhmc I.(JI c;u”ll (d

Ihcsc s;IIIIIIlr Iylws, .LsIiw rlllg rmll) In(.rcd.scs Ilw flssny
ICSUII lll-L’IC:IWS RlilllV(’ 1(I Irlurcncc Villllf,”S, l’rl~ll 0111 1’:11

lUl;llliMl\, II [1115 rillltt lllt’~t-:l.ws. 111~’dvrr;l)y’ ~lklgy 1)1IIIC
cIllllrc(l Il(wlloms Illns[ Iw dcLIr~wlllg “IIIc I- III( ll-rry (II Ilv.’

lIVIIR IWIIIIIJI nllllllllllllly ,ol]lllcr IIICI~iIS1-S sII)wIV tis

nrulroli rIIc Igy (lL”c Icmc\ “I”hll’., Ililw’(1 (Ill Illh w~ulllcnl,

111[. il:..~ly~ \ll(llll(l Ilu’lcil.v” ;Is il Illlll”lnlll 01 1111srmy rilllo,

IIIti \lmIr:I,w I hwrw[. IIN.h r(’;lw’ 1:1Iltc II Ir;III tvwr}!,y(II
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TAFILE 11. ~omparrson of (lwrec[ml. Threr-%mmemr. Mul[iplicliv Assays

(A\wv - ~CfC1’CZICe)/RCfCICllCC(%,)

AveXage Rewhs When Avcqzc RC-SUIISWhen
NurntcI 0[ Muluplicm.ion k%liliplicily and Ring

Sample T= Sampks Gm-cmed la Ratio (hrIxred
— 10

bw Bum-Up Mc.lal 10 -1.4 1.9 -0.3 -, -16..-

High Burn-Up Med 4 3.1 0.8 0.9 0.9

Mcd SCI 1 (Woken) 5 -0.1 1.0 1.3 ().9

Mcd Set 2 (lhhokcn) 9 -()? 3.3 -().9 27

All Mcud %mph.x 14 -0.1 2.7 0.0 2.0
IJ)w 13um-upOxi(k II -1.6 I .9 -1.4 2.0

High Bum-IJp Oxi& 34 0.7 1.9 0.5 I.4

All Oxide Samples 45 0.1 ?J 0.0 1,8

All Samph ; 59 0.0 2.2 0.0 1.H
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Fig. 6, The relartihip between ihe rarw 0$ Me rnaawred It, al ~mvon

rulr from Ihr twrrrw.r; ring 10 Ihai for lb owrrrrwsl rinf and

nudiiplicawn rnrrerted, three -pararnaer away resuhs.

“cffcclivc” efficiency of rhc Ilyrwhcrnirxd comer tmcau,w
of’ iLs rchuivc inscnsilivi[y to changes in ncumon energy.
The assays rc.wdLs.Ihus. lcnrl to dcmca.sc w Lhc ring ratio
Incrcwcs *S wc scc in I:lg. 6.

[f dlc rin~ rtilm c(wrclulions arc used 10 do (mc find

r[mmclitm 10 IJIL:a.ways, [tic mqmw(mmnl is sndl, III(..w:

KXUILS Wc ldso glvcn 111Table 11,

(. ON(’I.[ISIONS”

I’or impurr plu~onium lxwln~ oxidr sumplrx, the
pyrwhrwm:ul Illlllllpllclty cmrnlcr USlll~ lhlCC. [klrilll]CU!r

unillysIs prltvldcs Irssuy rcsulm 111:1[m Uccur:i(c nml
lInwly. ( ‘irllhrimoll 01 Ilw (lClrLll II u,sIllg IIIIs Ux:huqur

(I(M’SII(N rC(lllllt. f~lJICSt!lllilll VC Sillll(lill(lS, l;l)l tllC 43 [1.tlllt”

.SilIllplC.\ lllCilSUiT(l [1111Illg IIIIS CVillUilll[Ml, lhC pyrlmhrnll

l’ill Ilullllldlclly’ l’(mlllm prtwdrd mi!ays lh:ll wcrr ~xur;llc
III 2,?% ((jllr sI~nuJ) In ID h(mr ulc;Lwm’tmwl Iln)t’s,

‘l”h~ IIWnVS(d lmgc mmss*Inqdcs r(xlulrr. nwllll~lll:~

Il(m d(.lwmh.ru c(lrrcclum IWL’;IIIW (d :1 IIIIIILIII(NI 01 III(’

[Iw!lry. ‘1111sColrccll(m lnlprlwc\ dlmlI;UIL’dlV IIIC ;Is.wys

III Iilrpt. nmw SUIIIIII’L. WIll~ lhl\ Lx}rw[ll(m Ilrc l~vr(~h(’in

ical multiplicity rxunlcr msaycd all 59 .wnplcs to ~ onc
sigmir wxmrcy of 2.2%Jin 1~ hour.

Finnlly, Ihc adr.fimm of ring ratio in[wnmlion to lhc

;Lswy analysis impnwcs thr ways slighdy and helps to
dwlingr,rish ,samplc Iy~.. of [hc 59 samples, 44 out of 45
oxilfc .Unlplcs c(MII(I hC Corrwliy irlcnlificd a%oxide hy

Lhcrr rmg ratio, WI 13 w of’ 14 rnclal ,samplcs could hc
corrrxti y idcnti[uxl iLsmlqal, W i[h an additional rin~ raiio

cmcclmn, Ihc cinmlcr irwrycd till !&rmplcsin a unc slgrua

Kcurwy 01 I .H%.
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